Photometry and long-slit spectroscopy are presented for 14 S0 and spiral galaxies of the Fornax, Eridanus and Pegasus cluster, and NGC 7582 group. The structural parameters of the galaxies are derived from the R−band images by performing a two-dimensional photometric decomposition of the surface-brightness distribution. This is assumed to be the sum of the contribution of a bulge and disc component characterized by elliptical and concentric isophotes with constant (but possibly different) ellipticity and position angles. The rotation curves and velocity dispersion profiles are measured from the spectra obtained along the major axis of galaxies. The radial profiles of the H β , Mg, and Fe line-strength indices are presented too. Correlations between the central values of Mg 2 , Fe , H β , and σ are found. The age, metallicity and α/Fe enhancement of the stellar population in the center and at the radius where bulge and disc give the same contribution to the total surface brightness are obtained using stellar population models with variable element abundance ratios. Three classes of bulges are identified. The youngest bulges (∼ 2 Gyr) with ongoing star formation, intermediate-age bulges (4-8 Gyr) have solar metallicity, and old bulges (∼ 10 Gyr) have high metallicity. Most of the sample bulges display solar α/Fe enhancement, no gradient in age, and a negative gradient of metallicity. The presence of negative gradient in the metallicity radial profile favors a scenario with bulge formation via dissipative collapse. This implies strong inside-out formation that should give rise to a negative gradient in the α/Fe enhancement too. But, no gradient is measured in the [α/Fe] radial profiles for all the galaxies, except for NGC 1366. In this galaxy there is a kinematically-decoupled component, which is younger than the rest of host bulge. It possibly formed by enriched material probably acquired via interaction or minor merging. The bulge of NGC 1292 is the most reliable pseudobulge of our sample. The properties of its stellar population are consistent with a slow buildup within a scenario of secular evolution.
INTRODUCTION
The relative importance of the dissipative collapse (Eggen et al. 1962; Sandage 1990; Gilmore & Wyse 1998) , major and minor merging events (Kauffmann 1996; Cole et al. 2000; Aguerri et al. 2001) , and redistribution of disc material due to the presence of a ⋆ Based on observations made with ESO Telescopes at the La Silla observatory under programmes 70.B-0486 and 71.B-0202. bar or environmental effects (Kormendy & Kennicutt 2004) drives the variety of properties observed in bulges.
The bulges of lenticulars and early-type spirals are similar to low-luminosity elliptical galaxies. Their photometric and kinematic properties satisfy the same fundamental plane correlation (FP) found for ellipticals (Bender et al. 1992 (Bender et al. , 1993 Burstein et al. 1997 ; ). The surface-brightness radial profile of big bulges is well described by the de Vaucouleurs law (Andredakis et al. 1995; Carollo et al. 1998; Möllenhoff & Heidt 2001) even if this could drastically change by taking into ac-count the small-scale inner structures smoothed by the seeing in the ground-base observations (Balcells et al. 2003) . Some of them are rotationally-flattened oblate spheroids with little or no anisotropy (Kormendy & Illingworth 1982; Davies & Illingworth 1983; Cappellari et al. 2006) . But, the intrinsic shape of a large fraction of early-type bulges is triaxial, as shown by the isophotal twisting (Lindblad 1956; Zaritsky & Lo 1986) , misalignment with respect to disc (Bertola et al. 1991; Mendez-Abreu et al. 2007) , and non-circular gas motions (Bertola et al. 1989; Gerhard et al. 1989; Berman 2001; Corsini et al. 2003; Coccato et al. 2004) . The bulk of their stellar population formed between redshift 3 and 5 (≃12 Gyr) in a short time-scale (Bernardi et al. 1998; Mehlert et al. 2003 ; Thomas et al. 2005) . The enrichment of interstellar medium is strongly related to the time delay between SNII and SNIa, which contributed most of the α elements and Iron, respectively (Worthey et al. 1992 ; Thomas et al. 2003) .
On the contrary, the bulges of late-type spiral galaxies are reminiscent of discs. They are flat components (Fathi & Peletier 2003) with exponential surface-brightness radial profiles (Andredakis & Sanders 1994; de Jong 1996; MacArthur et al. 2003 ) and rotate as fast as discs (Kormendy 1993; Kormendy et al. 2001) . Moreover, the stellar population in late-type bulges is younger than in early-type bulges (Trager et al. 1999; Goudfrooij et al. 1999 ; Thomas & Davies 2006) . They appear to have lower metallicity ) and lower α/Fe enhancement with respect to early type galaxies (Proctor & Sansom 2002; Peletier et al. 2007; Afanasiev & Sil'chenko 2005) .
In the current paradigm, early-type bulges were formed by rapid collapse and merging events while late-type bulges have been slowly assembled by internal and environmental secular processes (Kormendy & Kennicutt 2004) . But many questions are still open. For instance, the monolithic collapse can not explain the presence in bulges of kinematically-decoupled components (Pizzella et al. 2002; Krajnović & Jaffe 2004; Emsellem et al. 2004; McDermid et al. 2006) . Moreover, the environment plays a role in defining the properties of galaxies (e.g., Dressler 1980; Coziol et al. 2001; Clemens et al. 2006; Brough et al. 2007) . Recent studies of early-type galaxies in different environments (Beuing et al. 2002; Thomas et al. 2005; Thomas & Davies 2006) have shown that age, metallicity, and α/Fe enhancement are more correlated with the total mass of the galaxy than local environment.
To investigate the formation and evolution of the bulges, there are two possible approaches: going backward in redshift and look to evolution of galaxies through cosmic times or analyze in detail nearby galaxies to understand the properties of their stellar population in terms of dominant mechanism at the epochs of star formation and mass assembly. In this work, we present a photometric and spectroscopic study of the bulge dominated region of a sample of spiral galaxies in the Fornax and Pegasus clusters. Our aim is to estimate the age and metallicity of the stellar population and the efficiency and timescale of the last episode of star formation to disentangle between early rapid assembly and late slow growing.
The galaxy sample is presented in Sect. 2. The photometric observations are described in Sect. 3.1. The structural parameters of the bulge and disc of the sample galaxies are derived by analyzing their two-dimensional surface brightness distribution in Sect. 3.2. The spectroscopic observations are described in Sect. 4.1. The stellar kinematics and line-strength indices are measured from long-slit spectra in Sect. 4.2. The central values of the line-strength indices are derived in Sect. 5. They are used to estimate the age, metallicity, and α/Fe-enhancement of the stellar population of the bulge in Sect. 6 . Their gradients in the bulge dominated region are discussed in Sect. 7. The identification of pseudobulges hosted by sample galaxies is performed in Sect. 8. Finally, conclusions are given in Sect. 9.
SAMPLE SELECTION
The main goal of this paper is to study the stellar populations in bulges. In order to simplify the interpretation of the results we selected a sample of disc galaxies, which do not show any morphological signature of having undergone a recent interaction event. All the observed galaxies are classified as unbarred or weakly barred galaxies by de Vaucouleurs et al. (1991, hereafter RC3) . They are bright (BT 13.5, RC3) and nearby (VCMB < 4500 km s −1 , RC3) lenticulars and spirals with a low-to-intermediate inclination (i 65 • , RC3). 12 of them were identified as member of either the Fornax, Eridanus and Pegasus cluster and 2 are member of the NGC 7582 group (Ferguson 1989; Fouque et al. 1992; Garcia 1993; Nishiura et al. 2000) . The final sample is formed by 12 disc cluster and 2 group galaxies.
For every galaxy we provide the local galaxy number density using the method of distance to the 5 th nearest neighbour (Balogh et al. 2004 ). The projected galaxy density can be defined by Σ5 = 5/(πd 2 5 ), where d5 is the distance to the 5 th nearest neighbour. To this aim we adopted the catalog of galaxies available in the Hyperleda database (Paturel et al. 2003) . We considered only galaxies brighter than MB > −16 with systemic velocity in a range between ±1000 km s −1 with respect to the velocity of the sample galaxy (to avoid the background/foreground contamination). The sample galaxies reside in a high-density environment. In fact, their Σ5 is much higher than the typical value of the field galaxies (Σ5 = 0.05 Balogh et al. 2004) .
The galaxy number density along with an overview of the basic properties of the sample galaxies is given in Table 1 .
SURFACE PHOTOMETRY

Observations and data reduction
The photometric observations of the sample galaxies were carried out in two runs at the European Southern Observatory (ESO) in La Silla (Chile) on December 2002, 9-12 (run 1), September 2003, 26-28 (run 2) .
We imaged the galaxies at the ESO 3.6-m Telescope with the ESO Faint Object Spectrograph and Camera 2 (EFOSC2). The detector was the No. 40 Loral/Lesser CCD with 2048 × 2048 pixels of 15 × 15 µm 2 . A 2×2 pixel binning was adopted giving an effective scale of 0.314 arcsec pixel −1 with a field of view of 5.3 × 8.6 arcmin 2 . The gain and readout noise were set to 1.3 e − ADU −1
and 9 e − , respectively. We used the No. 642 Bessel R-band filter centred at 6431Å with a FWHM of 1654Å. For each galaxy we took 2 × 60−s images with a offset of few pixels to be able to clean cosmic rays and bad pixels. Every night we observed several fields of standard stars at different air-masses to be used for the flux calibration. For each field we took different exposures ranging from 5 to 15 s to have good signal-to-noise ratio (S/N ) and well sampled PSF for all the standard stars. The typical value of the seeing FWHM during the galaxy exposures was 1.0 arcsec as measured by fitting a two-dimensional Gaussian to the field stars. Table 1 . Properties of the sample galaxies. The columns show the following: (2) the morphological classification from RC3; (3) numerical morphological type from RC3. The values marked with * were derived from the galaxy B/T ratio following the morphology-B/T relation by Graham (2001) ; (4) major-axis position angle adopted for spectroscopic observations; (5) apparent isophotal diameters measured at a surface-brightness level of µ B = 25 mag arcsec −2 from RC3; (6) total observed blue magnitude from RC3, except for ESO 358-50 from Lyon Extragalactic Database (LEDA); (7) radial velocity with respect to the CMB radiation from RC3; (8) distance obtained as luminosity-weighted mean radial velocity (Garcia 1993) divided by H 0 = 75 km s −1 Mpc −1 ; (9) absolute total blue magnitude from B T corrected for inclination and extinction as in LEDA and adopting D; (10) membership to Fornax (F) Eridanus (E) Pegasus (P) cluster or NGC 7582 group according to (Ferguson 1989; Fouque et al. 1992; Garcia 1993; Nishiura et al. 2000) ; (11) projected galaxy density defined as in Balogh et al. (2004) Galaxy All images were reduced using standard IRAF 1 tasks. We first subtracted a bias frame consisting of ten exposures for each night. The images were flat-fielded using sky flats taken at the beginning and/or end of each observing night. The sky background level was removed by fitting a Legendre polynomial (with a degree free to range between 0 and 2) to the regions free of sources in the images. Special care was taken during sky subtraction to reach the outermost parts of the objects. No scattered light was observed in the images, and the adopted polynomial degree was either 0 or 1. Cosmic rays and bad pixels were removed by combining the different exposures using field stars as a reference and adopting a sigma clipping rejection algorithm. Residual cosmic rays and bad pixels were corrected by manually editing the combined image.
The photometric calibration constant includes only the correction for atmospheric extinction, which is taken from the differential aerosol extinction for ESO (Burki et al. 1995) . No color term has been considered and no attempt was made to correct for internal and Galactic extinction. Fig. 1 shows the calibrated R-band images of the sample galaxies.
Isophote-fitting with ellipses, after masking foreground stars and residual bad columns, was carried out using the IRAF task ELLIPSE. In all cases, we first fit ellipses allowing their centres to vary. Within the errors, no variation in the ellipse centres was found for all the galaxies studied in this paper. The final ellipse fits were done at fixed ellipse centres. The ellipse-averaged profiles of surface brightness, position angle and ellipticity are shown in Fig.  1 for all the sample galaxies.
Photometric decomposition
Let (x, y, z) be Cartesian coordinates with the origin corresponding to the position of the galaxy surface-brightness peak, the x−axis parallel to direction of right ascension and pointing westward, the y−axis parallel to direction of declination and pointing northward, and the z−axis along the line-of-sight and pointing toward the observer. The plane of the sky is confined to the (x, y) plane.
We assumed the galaxy surface-brightness distribution to be the sum of the contributions of a bulge and a disc component. Bulge isophotes are ellipses centred on (x0, y0), with constant position angle PA b and constant axial ratio q b . Disc isophotes are ellipses centred on (x0, y0), with constant position angle PA d and constant axial ratio q d , implying that the galaxy inclination is i = arccos q d . We adopted the Sérsic law (Sersic 1968) to describe the surface brightness of the bulge component
where re, Ie and n are respectively the effective radius, surface brightness at re, and a shape parameter describing the curvature of the profile. The value of bn is coupled to n so that half of the total flux is always within re and can be approximated as bn = 0.868n − 0.142 (Caon et al. 1993) . The radius r b is given by
For the surface brightness distribution of the disc component we assumed the exponential law (Freeman 1970 )
where h and I0 are the scale length and central surface brightness 4 L. Morelli et al. of the disc, respectively. The radius r d is given by
To derive the photometric parameters of the bulge (Ie, re, n, PA b , and q b ) and disc (I0, h, PA d , and q d ) and the position of the galaxy centre (x0, y0) we fitted iteratively a model of the surface brightness Im(x, y) = I b (x, y) + I d (x, y) to the pixels of the galaxy image using a non-linear least-squares minimization based on the robust Levenberg-Marquardt method by Moré et al. (1980) . We adopted the technique for photometric decomposition developed in GASP2D by Mendez-Abreu et al. (2007) . The actual computation has been done using the MPFIT 2 algorithm implemented by C. B. Markwardt under the IDL 3 environment. Each image pixel has been weighted according to the variance of its total observed photon counts due to the contribution of both the galaxy and sky, and determined assuming photon noise limitation and taking into account for the detector read-out noise. The seeing effects were taken into account by convolving the model image with a circular Gaussian PSF with the FWHM measured from the stars in the galaxy image. The convolution was performed as a product in Fourier domain before the least-squares minimization.
To derive the free parameters of the model surface-brightness distribution, we adopted as initial trial for least-squares minimization the values obtained by performing a standard photometric decomposition with a parametric technique similar to that adopted by Kormendy (1977) . The ellipse-averaged surface-brightness profile of the galaxy has been fitted in two steps by considering first separately and then simultaneously the light contributions of the bulge and disc.
We began by fitting an exponential law to the galaxy surfacebrightness profile at large radii, where it is dominated by the light contribution of the disc. In this way we derived the values of I0 and h. Then we extrapolated the exponential profile to small radii and subtracted it from the galaxy surface-brightness profile. This gave us a first estimate of the light distribution of the bulge. We fitted to this a Sersíc profile by assuming the bulge shape parameter to be n = 0.5, 1, 1.5,. . . , 6 and deriving the corresponding values of Ie and re. Finally, for each set of Ie, re, n, I0, and h we fitted simultaneously both bulge and disc to the galaxy surface-brightness profile and we assumed those giving the best fit as the trial values for the two-dimensional fit, where all the parameters are allowed to vary.
The trial values of PA b and q b were obtained by interpolating at re the ellipse-averaged position-angle and ellipticity profiles, respectively. We assumed the coordinates of the image pixel where the maximum galaxy surface brightness is measured as the trial values of the coordinates (x0, y0) of the galaxy centre. The parameters derived for the structural components of the sample galaxies are collected in Table 2 . The result of the photometric decomposition of the surface brightness distribution of the sample galaxies is shown in Fig. 1 .
The errors given in Table 2 We generated a set of 2000 images of galaxies with a Sérsic bulge and an exponential disc. The structural parameters of the artificial galaxies were randomly chosen among the following ranges 0.5 re 3 kpc 0.5 q b 0.9 0.5 n 6
for the bulges, and 1 h 6 kpc 0.5 q b 0.9
for the discs. The artificial galaxies also satisfy the following conditions
where mR is the total R-band magnitude of the galaxy. The simulated galaxies were assumed to be at a distance of ∼ 29 Mpc, which correspond to a scale of ∼ 141 pc arcsec −1 . The pixel scale used was 0.314 arcsec pixel −1 and the CCD gain and RON were 0.7 e − ADU −1 and 8 e − to mimic the instrumental setup of the observed galaxies. Finally, a background level and a photon noise were added to the resulting images to yield a signal-to-noise ratio similar to that of the observed images.
To estimate the errors associated to the decomposition, the code GASP 2D was applied to the artificial images as if they were real. Then, the relative errors (1-vi/vo) were estimated by comparing the input (vi) and output (vo) values. To assign to every single galaxy the corresponding error for every structural parameter, we divided our catalogue of artificial galaxies in bins of 0.5 magnitudes, we assumed that the errors were normally distributed, with mean and standard deviation corresponding to the systematic and typical error respectively. Then we placed our observed galaxy in its magnitude bin and assigned to every parameter the corresponding error.
LONG-SLIT SPECTROSCOPY
Observations and data reduction
The spectroscopic observations of the sample galaxies were carried out in three runs at ESO in La Silla (Chile) on December 2002, 9-12 (run 1), September 2003, 26-28 (run 2), and January 2005, 25 (run 3).
In run 1 and 2 the 3.6-m ESO Telescope mounted the EFOSC2 spectrograph. The grism No. 9 with 600 grooves mm −1 was used in combination with the 1.0 arcsec × 5.0 arcmin slit and the No. 40 Loral/Lesser CCD with 2048 × 2048 pixels of 15 × 15 µm 2 . A 2 × 2 pixel binning was adopted. The wavelength range between 4700 and 6770Å was covered with a reciprocal dispersion of 1.98 A pixel −1 after pixel binning. This guarantees an adequate oversampling of the instrumental broadening function. Indeed, the instrumental dispersion, obtained by measuring the width of emission lines of a comparison spectrum after the wavelength calibration, was 5.10Å (FWHM). This corresponds to σinst ∼ 110 km s 2 . We adopted a 2×2 pixel binning. It yielded a wavelength coverage between about 4850Å and 5490Å with a reciprocal dispersion of 0.40Å pixel −1 after pixel binning. The instrumental dispersion is 1.00Å (FWHM) corresponding to σinst ∼ 25 km s −1 at 5170Å. The spatial scale was 0.332 arcsec pixel −1 after pixel binning. Table 2 . The photometric parameters of bulge and disc in the sample galaxies. The columns show the following: (2) the effective surface brightness of the bulge; (3) effective radius of the bulge; (4) shape parameter of the bulge; (5) axial ratio of the bulge isophotes; (6) position angle of the bulge major-axis; (7) central surface brightness of the disc; (8) scale length of the disc; (9) axial ratio of the disc isophotes; (10) position angle of the disc major-axis; (11) bulge-to-total luminosity ratio; (12) radius where the bulge and the disc surface brightness are the same; (13) total absolute magnitude of the bulge. We obtained 2×45-minutes spectra for all the sample galaxies in run 1 and 2. In run 3 we obtained new 30-minutes spectra of ESO 358-50, ESO 548-44, NGC 1292, and IC 1993 which turned out to have a central velocity dispersion lower than 100 km s −1Ȧ t the beginning of each exposure, the slit was positioned on the galaxy nucleus using the guiding camera. Then it was aligned along the galaxy major axis, according to the position angle given in Table  1 . During the three observing runs, we took spectra of several giant stars which were selected from Worthey et al. (1994) to be used as templates in measuring the stellar kinematics and line strength indices. In run 1 and 2 we observed HR 296 (K0III-IV), HR 489 (K3III), HR 2429 (K1III), HR 2503 (K4III), HR 2701 (K0III), HR 2970 (K0III), HR 3145 (K2III), HR 3418 (K2III), HR 7149 (K2III), HR 7317 (K3III), and HR 7430 (G9III). In run 3 we observed HR 294 (K0III), HR 510 (G8III), HR 1318 (K3III), and HR 2035 (G8III). Additionally, we observed three spectrophotometrical standard stars in order to flux-calibrate the galaxy and line strength standard stars before the line indices were measured. A spectrum of the comparison helium-argon arc lamp was taken before and/or after each target exposure to allow an accurate wavelength calibration. The value of the seeing FWHM during the galaxy exposures ranged between 0.5 and 1.3 arcsec as measured by fitting a two-dimensional Gaussian to the guide star.
All the spectra were bias subtracted, flat-field corrected, cleaned of cosmic rays, and wavelength calibrated using standard IRAF routines. The bias level was determined from the bias frames obtained during the observing nights to check the CCD status. The flat-field correction was performed by means of both quartz lamp and twilight sky spectra (which were normalized and divided into all the spectra) to correct for pixel-to-pixel sensitivity variations and large-scale illumination patterns due to slit vignetting. Cosmic rays were identified by comparing the counts in each pixel with the local mean and standard deviation (as obtained from Poisson statistics by taking into account the gain and read-out noise of the detector) and then corrected by interpolating over. The residual cosmic rays were corrected by manually editing the spectra. Each spectrum was rebinned using the wavelength solution obtained from the corresponding arc-lamp spectrum. We checked that the wavelength rebinning had been done properly by measuring the difference between the measured and predicted wavelengths for the brightest night-sky emission lines in the observed spectral range (Osterbrock et al. 1996) . The resulting accuracy in the wavelength calibration is better than 5 km s −1 . All the spectra were corrected for CCD misalignment following Bender, Saglia & Gerhard (1994, BSG94) . The spectra obtained for the same galaxy in the same run were co-added using the center of the stellar continuum as reference. This allowed to improve the S/N of the resulting two-dimensional spectrum. In such a spectrum, the contribution of the sky was determined by interpolating a one-degree polynomium along the outermost 20 arcsec at the two edges of the slit, where the galaxy light was negligible, and then subtracted. A sky subtraction better than 1% was achieved. A one-dimensional spectrum was obtained for each kinematical template star as well as for each flux standard star. The spectra of the kinematical templates were deredshifted to laboratory wavelengths.
Measuring stellar kinematics and line-strength indices
We measured the stellar kinematics from the galaxy absorption features present in the wavelength range and centered on the Mg line triplet (λλ 5164, 5173, 5184Å) by applying the Fourier Correlation Quotient method (Bender 1990 ) as done by BSG94. The spectra were rebinned along the dispersion direction to a natural logarithmic scale, and along the spatial direction to obtain a S/N 40 per resolution element. For run 3 it was necessary to average the whole spectra obtaining a one-dimensional spectrum in order to achieve the desired S/N . In few spectra of run 1 and 2 the S/N decreases to 10 at the outermost radii. To measure the stellar kinematics of the sample galaxies we adopted HR 296, HR 2429, and HR 2701 as kinematical templates for runs 1 and 2 and HR 296 and HR 510 for run 3. We considered the wavelength range 4817-6503Å in runs 1 and 2 and 5167-5378Å in run 3 around the redshifted Mg lines of the galaxies. We derived for each galaxy spectrum, the line-ofsight velocity distribution (LOSVD) along the slit and measured the radial velocity v and velocity dispersion σ. At each radius, they have been derived by fitting the LOSVD with a Gaussian. The errors on the LOSVD moments were derived from photon statistics and CCD read-out noise, calibrating them by Monte Carlo simulations as done by BSG94. In general, errors are in the range 5-20 km s −1 , becoming larger in the outer regions of some galaxies where 10 S/N 20. These errors do not take into account the possible systematic effects arising from template mismatch. The measured stellar kinematics are plotted in Fig. A1 and given in Tab. B1.
Detailed measurements of kinematics is not only important to study the dynamical properties of galaxies but also to derive the line strength of the Lick indices. Following Mehlert et al. (2000), we measured the Mg, Fe, and H β line-strength indices (as defined by Faber et al. 1985 and Worthey et al. 1994 ) from the fluxcalibrated spectra of run 1 and 2. Spectra were rebinned in the dispersion direction as well as in the radial direction as before. We indicate the average Iron index with Fe = (Fe5270 + Fe5335)/2 (Gorgas et al. 1990) , and the newly defined Magnesium-Iron index with [MgFe] ′ = Mg b (0.72 × Fe5270 + 0.28 × Fe5335) . We convolved all the spectra with a Gaussian with a proper σ to degrade them to the fixed spectral resolution of the Lick system (≃ 9Å). No focus correction was applied because the atmospheric seeing was the dominant effect during observations (see Mehlert et al. 1998 , for details). The errors on indices were derived from photon statistics and CCD read-out noise, and calibrated by means of Monte Carlo simulations. We calibrated our measurements to the Lick system using the stars from Worthey et al. (1994) we observed in run 1 and 2. A well known problem when deriving age and metallicity of galaxy stellar populations is the contamination of the H β index by the H β emission line. To address this issue we adopted the code GANDALF (Gas AND Absorbtion Line fitting) to fit the galaxy spectra with synthetic population models as done by Sarzi et al. (2006) . The models were built with different templates from the stellar libraries by Bruzual & Charlot (2003) and Tremonti et al. (2004) . We adopted the Salpeter initial mass function (Salpeter 1955) , ages ranging between 1 Myr and 10 Gyr, and metallicities between 1 and 2.5 (Z/H)⊙. The spectral resolution of the stellar templates (FWHM∼ 3Å) was degraded to match that our galaxy spectra. We simultaneously fitted the observed spectra using emission lines in addition to the stellar templates. The H β emission line was detected (S/N > 3) in NGC 1292, NGC 7531, NGC 7631, NGC 7643, IC 5267, IC 5309. The equivalent with of H β emission line was ranging from 0 to 4Å depending on the galaxy and radius (Tab. B1). The emission line was subtracted from the observed spectrum and we measured the H β line-strength index from the resulting H β absorption line.
The measured values for the line-strength indices for the stars in common with Worthey et al. (1994) are shown in Fig. 2 . The agreement is good within the errors for all the indices and we did not apply any zero-point correction. Kuntschner (2000) measured the central velocity dispersion and line-strength indices for NGC 1351 and ESO 358-G50. The comparison is shown in Fig. 3 . All the values are consistent with ours within 3σ. The measured values of H β , [MgFe] ′ , Fe , Mg b , and Mg 2 for all the sample galaxies are plotted in Fig. 4 and listed in Tab. B1. ′ line-strength indices were derived from the major-axis profiles. The data points inside 0.3 re were averaged adopting a The correlations between the velocity dispersion and Mg 2, H β , and Fe line-strength indices for the sample galaxies are plotted in Fig. 5 . They were extensively studied for early-type galaxies (see Fisher et al. 1996; Bernardi et al. 1998; Jørgensen 1999a; Kuntschner 2000; Moore et al. 2002; Mehlert et al. 2003; Rampazzo et al. 2005; Collobert et al. 2006; Annibali et al. 2007 ). In Fig. 5 we also plotted for comparison the fitted correlations to different sample of elliptical/early-type galaxies and bulges.
LINE-STRENGTH INDICES: CENTRAL VALUES
The Mg 2 line-strength index is generally adopted as the tracer of the α elements giving an estimate of the enrichment, while σ is related with the gravitational potential. In elliptical and S0 galaxies the Mg 2−σ correlation shows that more massive galaxies host a more metal rich stellar population (see Idiart et al. 1996; Bernardi et al. 1998; Jørgensen 1999a; Mehlert et al. 2003 ). For bulges we measured a similar trend to that found by Jablonka et al. (1996) , Prugniel et al. (2001) , and Ganda et al. (2007) . In agreement with Ganda et al. (2007) we also found that the spirals lie below the Mg 2−σ relation defined by the elliptical and early-type galaxies (Jørgensen 1999a) .
Although the correlation between Fe and σ was predicted by models of the dissipative collapse (e.g., Kodama et al. 1998) , it was not found to be very tight in early-type galaxies (Fisher et al. 1996; Jørgensen 1999a; Trager et al. 1998; Mehlert et al. 2003) except for those studied by Kuntschner (2000) . On the other hand, the Fe −σ relation is well defined for spiral bulges (Idiart et al. 1996; Prugniel et al. 2001; Proctor & Sansom 2002) . The fitted slope is slightly steeper that the one traced for elliptical/earlytype galaxies (Jørgensen 1999a) and consistent with the relation by Proctor & Sansom (2002) .
We also found a tight anti-correlation between H β and σ. For large values of σ our measurements are consistent with previous results by Jørgensen (1999a) and Ganda et al. (2007) . At low σ our fit follows closer the relation by Jørgensen (1999a) due to the presence of S0-Sa galaxies in our sample. Nevertheless, the spiral galaxies are lying on the fitted line of the well selected Sb-Sc sample given by Ganda et al. (2007) . The comparison with Jørgensen (1999a) could be affected by the possible contamination of their H β line-strength indices by the H β emission line due to the presence of a young stellar component.
Young stellar population is often associated to dusts (e.g., Peletier et al. 2007 ). The dust structure is clearly visible in the residual maps of the two-dimensional bulge-disc decompositions (Fig. 1) . No correlation is found between dust and central values of the line-strength indices. But, the dust is located at larger radii than the regions mapped by the spectra (Fig. 4) . Only for NGC 7515 and NGC 7643 the outer radial bins of spectra cover a portion of the dust features observed in the residual maps. The strong H β emission line detected at these radii is indicating the presence a local young stellar population. But, this is not enough to drive a general conclusion about the correlation of dust and stellar populations in the sample galaxies.
AGES, METALLICITIES, AND α/FE ENHANCEMENT:CENTRAL VALUES
From the central line-strength indices we derived the mean ages, total metallicities, and total α/Fe enhancements of the stellar populations in the center of the sample bulges by using the stellar population models by Thomas et al. (2003) . These models predict the values of the line-strength indices for a single stellar population as function of the age, metallicity and [α/Fe] ratios. The distribution of the central H β and [MgFe] ′ with the stellar population models by Thomas et al. (2003) is shown in Fig. 6 (left panel). The models are plotted for two fixed [α/Fe] ratios (0 and 0.5 dex) corresponding to stellar populations with solar and supersolar α/Fe enhancements, respectively. In this parameters space the mean age and total metallicity appear to be almost insensitive to the variations of the α/Fe enhancement. The distribution of the central Mg b and Fe with the stellar population models by Thomas et al. (2003) is shown in Fig. 6 (right panel) . The models are plotted for two fixed ages (3 and 12 Gyr) corresponding to intermediate-age and old stellar populations, respectively. In this parameters space the α/Fe enhancement and total metallicity appear to be almost insensitive to the variations of age. Central age, metallicity and total α/Fe enhancement of each bulge were derived by a linear interpolation between the model points using the iterative procedure described in Mehlert et al. (2003) . The derived values and their corresponding errors are listed in Tab. 4. The histograms of their number distribution are plotted in Fig. 7 . Even though the number of galaxies does not allow us to trace a firm statistical conclusion, three classes of objects were identified. according to their age and metallicity. A similar result was found by Moorthy & Holtzman (2006) . The young bulges are scattered about an average age of 2 Gyr with hints of star formation as shown by the presence of the H β emission line in their spectra. The intermediate-age bulges spans the age range between 4 and 8 Gyr. They are characterized by solar metallicity ([Z/H] = 0.0 dex). Finally, the old bulges have a narrow distribution in age around 10 Gyr and high metallicity ([Z/H] = 0.30 dex). Kuntschner (2000) and Mehlert et al. (2003) found that elliptical galaxies in Fornax and Coma clusters are on average older and more metal rich than S0 galaxies.
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[Å] 0.27 ± 0.08 1.5 ± 0.2 0.06 ± 0.09 NGC 7631 −0.10 ± 0.14 6.9 ± 3.3 0.07 ± 0.17 NGC 7643 0.05 ± 0.06 1.8 ± 0.2 0.14 ± 0.13 Thomas & Davies (2006) did not observe any correlation between the age and metallicity of the bulge stellar population and galaxy morphology. This was interpreted as an indication of independent evolution of the stellar populations of the bulges and discs. In the sample studied by Peletier et al. (2007) the early-type spirals often show young stellar populations in their central regions, but there are also objects that are as old as the oldest ellipticals. Young central populations are seen in all the late-type spirals of Ganda et al. (2007) . The correlation between the morphological type (col. 3, Tab. 1) and the age, metallicity and α/Fe enhancement of our sample galaxies are shown in Fig. 9 . Although the correlations are not statistically very strong (in particular for the α/Fe enhancement), the elliptical and S0 galaxies (T < 0) are older and more metal rich than the spirals (T > 0).
Most of the sample bulges display Solar α/Fe enhancements with the median of the distribution at ([α/Fe] = 0.07). A few have a central super-solar enhancement ([α/Fe] = 0.3). These values are similar to those found for the elliptical galaxies in cluster (Peletier 1989; Jørgensen 1999b; Trager et al. 2000; Kuntschner 2000; Kuntschner et al. 2001 ) and imply a star-formation timescale ranging from 1 to 5 Gyr.
Age, metallicity, and α/Fe enhancement correlate with velocity dispersion (Fig. 8) . In early-type galaxies the metallicity and α/Fe enhancement are well correlated with the central velocity dispersion, while the correlation is less evident with age (Mehlert et al. 2003; Denicoló et al. 2005 ). In our bulges both the metallicity and α/Fe enhancement correlate with the velocity dispersion and this is probably driving the correlation observed between the metallicity and α/Fe enhancement (Fig. 10) . Age is mildly correlated with velocity dispersion (Fig. 8) , and α/Fe enhancement (Fig.10) . Recently, Thomas & Davies (2006) proved that these correlations are tighter when the age estimation is based on bluer Balmer line-strenght indices instead of H β . We conclude that the more massive bulges of our sample galaxies are older, more metal rich and characterized by a fast star formation. Since we did not found any correlation with galaxy morphology we exclude a strong interplay between the bulge and the disc components.
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AGES, METALLICITIES, AND α/FE ENHANCEMENT: GRADIENTS
Different formation scenarios predict different radial trends of age, metallicity, and α/Fe enhancement. Therefore the radial gradients of the properties of the stellar populations of bulges are a key information to understand the processes of their formation and evolution.
The total metallicity of a stellar population depends only on the efficiency of the star formation and on the amount of gas transformed in star (Tinsley 1980 ). In the monolithic collapse scenario gas dissipation toward the galaxy centre with subsequent occurrence of star formation and blowing of galactic winds produce a steep metallicity gradient (Eggen et al. 1962; Larson 1974 ; Arimoto & Yoshii 1987) . A strong gradient in α/Fe enhancement is expected too (Ferreras & Silk 2002) . The predictions for bulges forming through a long time-scale processes as dissipation-less secular evolution are more contradictory. In this scenario the bulge is formed by redistribution of disc stars. The gradients eventually present in the progenitor disk, could be either amplified since the resulting bulge has a smaller scale length than the progenitor or erased as a consequence of disc heating (Moorthy & Holtzman 2006 ).
An issue in measuring the gradients of age, metallicity and α/Fe enhancement in bulge, could be the contamination of their stellar population by the light coming from the underlying disc stellar component. This effect is negligible in the galaxy center but it could increase going to the outer regions of the bulge, where the light starts to be dominated by the disc component. In order to reduce the impact of disc contamination and extend as much as possible the region in which deriving gradients, we map them inside r bd , the radius where the bulge and disc give the same contribution to the total surface-brightness. This is a region slightly larger than re of the galaxy (Fig. 11) . Deriving gradients in the bulge dominated region with this approach, will not remove completely the contamination by the disc stellar population but it will assure always a similar degree of contamination in comparing the gradients of different galaxies.
For each galaxy, we derived the Mg 2, H β , and Fe linestrength indices at the radius r bd (see Tab. 2). The ages, metallicities and α/Fe enhancements were derived by using the stellar population models by Thomas et al. (2003) as done for the central values.
The gradients were set as the difference between the values at centre and r db and their corresponding errors were calculated through Monte Carlo simulations taking into account the errors in the gradients and the logarithmic fit to the adopted indices. For NGC 1292 no gradients were obtained since it was not possible to estimate r bd . The galaxy bulge is fainter than the disc at all radii (Fig. 1) . Indeed, the surface-brightness radial profile of the galaxy could be fitted by adopting only an exponential disc (Tab. 2).
The final gradients of age, metallicity and α/Fe enhancement Figure 11 . Distribution of the ratio between re and r bd ; For most of the galaxies (re/r bd =0.7) the gradient evaluated up to r bd is mapping a region slightly larger than re. Dashed line represents the median of the distribution and its values is reported.Solid line represents a Gaussian centered in the median value of distribution. Their σ approximated by the value containing the 68% of the objects of the distribution are reported.The green and blue arrows show the average gradient found for early-type galaxies and bulges by Mehlert et al. (2003) and Jablonka et al. (2007) , respectively.
and their errors are listed in Tab. 5. In Tab. 5 we also report the age, metallicity and α/Fe enhancement gradients rescaled to a fix radius value of 1 kpc. For two galaxies (ESO 358-G50 and NGC 7531) the small values of r bd combined with the big values of gradients give meaningless values of age extrapolated at 1 kpc and we omit them in the table. The histograms of their number distribution are plotted in Fig. 12 . Most of the sample galaxies show no gradient in age (median=0.4), in agreement with the earlier findings by Mehlert et al. (2003) and Sánchez-Blázquez et al. (2006) for the early-type galaxies, and by Jablonka et al. (2007) for bulges. Only NGC 1366 and NGC 7531 display a steep age gradient (see Fig. 12 ).
Negative gradients of metallicity were observed in the sample bulges. The number distribution show a clear peak at ∆([Z/H])= −0.15. This was already known for the stellar populations in early-type galaxies (Proctor & Sansom 2002; Mehlert et al. 2003; , and it has been recently found for spiral bulges too by Jablonka et al. (2007) . The presence of negative gradient in the metallicity radial profile favors a scenario with bulge formation via dissipative collapse (Larson 1974) . Dissipative collapse implies strong inside-out formation that should give rise to a negative gradient in the α/Fe enhancement too (Ferreras & Silk 2002) . But no gradient was measured in the [α/Fe] radial profiles for almost all the galaxies. Only 1 object of 14 are out of 3 σ of distribution (Fig. 12) . All the deviations from the median values of the other objects can be explained by their errors only (Tab. 5). The same conclusion has been found by Jablonka et al. (2007) where they state that the changes in α/Fe enhancement are small and it is rather constant among their bulges.
The absence of gradients in α/Fe enhancement is not in contrast with the presence of a metallicity gradient and could be due to the different enrichment of the material fuelling the star formation.
No correlation was found between the central value and gradient of α/Fe enhancement as in Reda et al. (2007) , while the central value and gradient of metallicity are related in spite of the large error-bars (Fig. 13 ). All these hints suggest that a pure dissipative collapse is not able to explain formation of bulges and that other phenomena like mergers or acquisition events need to be invoked (Bekki & Shioya 1999; Kobayashi & Arimoto 1999) .
The peculiar gradients observed for the stellar population of the bulges of NGC 1366 and NGC 7531 suggest they have different characteristic with respect to the rest of the sample. NGC 1366 shows a steep positive age gradient (from about 5 to 11 Gyr) a strong negative metallicity gradient (from about 0.5 to 0 dex) within 5" from the centre. In this region a sharp rotation is measured while immediately further out the galaxy is almost not rotating. Moreover, the rotation in the innermost regions is opposite to that observed at large radii (Fig. A1) . Even if a disc-bulge decoupling Sarzi et al. 2000; Matthews & de Grijs 2004) could give a similar kinematical signature the stellar population analysis is more suggestive of the presence counter-rotating nuclear stellar disc similar to those already observed in both elliptical (e.g., Morelli et al. 2004 ) and spiral galaxies (e.g., Corsini et al. 1999; Pizzella et al. 2002; Krajnović & Jaffe 2004; Emsellem et al. 2004; McDermid et al. 2006 ). The nuclear disc is younger than the rest of host bulge and formed by enriched material probably acquired via interaction or minor merging. The age of the stellar population of NGC 7531 rises from a central value of about 2 Gyr to 12 Gyr at 4 arcsec. Further out it decreases to 2 Gyr at 6 arcsec from the centre. Despite this change, no gradient in both metallicity and α/Fe enhancement was found. We suggest that this is due to the presence of a component which is corotating but structurally decoupled with respect to the rest of the galaxy (e.g., McDermid et al. 2006) .
PSEUDOBULGES
The current picture of bulge demography reveals that disc galaxies can host bulges with different photometric and kinematic properties (see Kormendy & Kennicutt 2004 , for a review). Classical bulges are similar to low-luminosity ellipticals and are thought to be formed by mergers and rapid collapse. Pseudobulges are disc or bar components which were slowly assembled by acquired material, efficiently transferred to galaxy centre where it formed stars. Pseudobulges can be identified according to their morphologic, Table 5 . The columns show the following: (2),(3),(4) the gradients of the ages, metallicities and α/Fe enhancements of the sample bulges derived from the central values and values at r bd listed Tab. 2. (5),(6),(7) the gradients of the ages, metallicities and α/Fe enhancements of the sample bulges rescaled at 1 kpc. Stellar population models by Thomas et al. (2003) were used.
(1) (2) (3) (4) (5) (6)
ESO 358 photometric, and kinematic properties, following the list of characteristics compiled by Kormendy & Kennicutt (2004) . The more apply, the safer the classification becomes.
The apparent flattening of the bulge is similar to that of the disc in NGC 1292, NGC 1351 (Tab. 2). Moreover, most of the sample bulges have a Sérsic index n 2. Only IC 5267, NGC 1351, NGC 1425, NGC 7515, and NGC 7631 have n > 2 (Tab. 2).
Pseudobulges are expected to be more rotation-dominated than classical bulges which are more rotation-dominated than giant elliptical galaxies (Kormendy & Kennicutt 2004) . We measured the maximum rotation velocity Vmax within r bd from the stellar velocity curve and central velocity dispersion σ0 from the velocity dispersion profile. The ellipticity ǫ of the bulge was measured by the photometric decomposition (Tab. 2). For each galaxy we derived the ratio Vmax/σ0. In Fig. 14 we compared it to the value predicted for an oblate spheroid with isotropic velocity dispersion and the same observed ellipticity (Binney 1978 (Binney , 1980 Binney & Tremaine 1987) . The large error-bars on the Vmax/σ0 are driven by uncertainties on the central velocity dispersion. Most of the sample bulges rotate as fast as both bulges of unbarred (Kormendy 1982 (Kormendy , 1993 Kormendy & Illingworth 1982) and barred galaxies (Kormendy 1982; . However, the values of Vmax/σ0 measured for NGC 1292, NGC 1425, ESO 548-44, and NGC 5267 are significantly larger than that predicted for the oblate spheroids. Forbes & Ponman (1999, blue dashed line) . Filled and open circles correspond to bulges with Sérsic index n 2 and n > 2, respectively and the linear fit is shown (red continuous line).
fall above the correlation (Kormendy & Kennicutt 2004) . Sample bulges, except for ESO 358-G50 and NGC 1292, are consistent with the R−band FJ relation we built from Forbes & Ponman (1999, L ∝ σ 3.92 ). They are characterized by a lower velocity dispersion or equivalently a higher luminosity with respect to their early-type counterparts (Fig. 15) .
According to the prescriptions by Kormendy & Kennicutt (2004) , the bulge of NGC 1292 is the most reliable pseudobulges in our sample. Information about its stellar population give more constraints on its nature and formation process. In fact, the bulge population has a intermediate age (3 Gyr) and low metal content ([Z/H]= −0.7 dex). The α/Fe enhancement is the lowest in our sample ([α/Fe]= −0.12 dex) suggesting a prolonged star formation history. The presence of emission lines in the spectrum shows that star formation is still ongoing. These properties are consistent with a slow buildup of the bulge of NGC 1292 within a scenario of secular evolution.
CONCLUSIONS
The structural parameters and properties of the stellar population of the bulges of sample of 14 S0 and spiral galaxies of the Fornax, Eridanus and Pegasus cluster, and NGC 7582 group were investigated to constrain the dominant mechanism at the epoch of their assembly.
• The bulge and disc parameters of the sample galaxies were derived performing a two-dimensional photometric decomposition of their R−band images. The surface-brightness distribution of the galaxy was assumed to be the sum of the contribution of a Sérsic bulge and an exponential disk. The two components were characterized by elliptical and concentric isophotes with constant (but possibly different) ellipticity and position angles. Most of the bulges have a Sérsic index n 2 and for few of them the apparent flattening of the bulge is similar to that of the disc. According to Kormendy & Kennicutt (2004) the disc-like flattening and radial profile are the photometric signature of the pseudobulge.
• The central values of velocity dispersion σ and Mg b , Mg 2, H β , Fe , and [MgFe] ′ line-strength indices were derived from the major-axis spectra. Correlations between Mg 2, Fe , H β , and σ were found. The Mg 2−σ and H β −σ, correlations are steeper than those found for early-type galaxies (e.g., Bernardi et al. 1998; Jørgensen 1999a; Kuntschner 2000; Mehlert et al. 2003) . The Fe −σ correlation is consistent with previous findings for spiral bulges (Idiart et al. 1996; Prugniel et al. 2001; Proctor & Sansom 2002) .
• The mean ages, total metallicities, and total α/Fe enhancements in the center of the sample bulges were derived by using the stellar population models by Thomas et al. (2003) • There is no correlation between age, metallicity, and α/Fe enhancement of bulges with the membership of the host galaxy to different cluster. There is a correlation with the velocity dispersion. The more massive bulges of our sample galaxies are older, more metal rich and characterized by a fast star formation. Since we did not find any correlation with galaxy morphology we exclude a strong interplay between the bulge and disc components.
• Most of the sample galaxies show no gradient in age and a negative gradient of metallicity. This is in agreement with the earlier findings by Mehlert et al. (2003) and for the early-type galaxies, and by Jablonka et al. (2007) for bulges. The presence of negative gradient in the metallicity radial profile favors a scenario with bulge formation via dissipative collapse. This implies strong inside-out formation that should give rise to a negative gradient in the α/Fe enhancement too (Ferreras & Silk 2002) . But, no gradient was measured in the [α/Fe] radial profiles for all the galaxies, except for NGC 1366 and NGC 7531. Moreover, the correlation between the central value and gradient of metallicity can not be built by pure dissipative collapse (Bekki & Shioya 1999; Kobayashi & Arimoto 1999 ) and suggests that mergers or acquisition events need to be invoked during the bulge assembly.
• The peculiar gradients observed for the stellar population of the bulges of NGC 1366 and NGC 7531 suggest they host a substructure. Very interestingly, in NGC 1366 we found the presence of a kinematically-decoupled component. It is younger than the host bulge and formed by enriched material probably acquired via interaction or minor merging.
• According to the prescriptions by Kormendy & Kennicutt (2004) the bulge of NGC 1292 is a pseudobulge. The properties of its stellar population are consistent with a slow buildup within a scenario of secular evolution. Indeed, the bulge of NGC 1292 has a intermediate age (3 Gyr) and low metal content ([Z/H]= −0.7 dex). The α/Fe enhancement is the lowest in our sample ([α/Fe]= −0.12 dex) suggesting a prolonged star formation history. The presence of emission lines in the spectrum is a signature of ongoing star formation. Table B1 . Stellar kinematic and line strength indices of the sample galaxies.The columns show the following: (1) radius along the major axis, (2) rotation velocity, subtracted of the galaxy systemic velocity, along the major axis, (3) rotation velocity dispersion, (4), (5), (6), (7), (8) measured values for Mg 2 , Mg b , Fe5270, Fe5335, H β respectively. Positive and negative values are respectively for absorption and emission line strength.Column (9) shows the applied correction to H β absorption index. 
